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CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is a continuation-in-part of U.S. Ser. No. 

10/447,200, filed May 29, 2003, which is incorporated by reference herein in 
its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention is related to dual substrate stage, double 

exposure lithography systems. 

Background Art 

[0003] Lithography is a process used to create features on the surface of 

substrates. Such substrates can include those used in the manufacture of flat 
panel displays, circuit boards, various integrated circuits, and the like. A 
frequently used substrate for such applications is a semiconductor wafer. 
While this description is written in terms of a semiconductor wafer for 
illustrative purposes, one skilled in the art would recognize that this 
description also applies to other types of substrates known to those skilled in 
the art. During lithography, a wafer, which is disposed on a wafer stage, is 
exposed to an image projected onto the surface of the wafer by exposure 
optics located within a lithography apparatus. While exposure optics are used 
in the case of photolithography, a different type of exposure apparatus can be 
used depending on the particular application. For example, x-ray, ion, 
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electron, or photon lithographies each can require a different exposure 
apparatus, as is known to those skilled in the art. The particular example of 
photolithography is discussed here for illustrative purposes only. 

[0004] The projected image produces changes in the characteristics of a layer, 

for example photoresist, deposited on the surface of the wafer. These changes 
correspond to the features projected onto the wafer during exposure. 
Subsequent to exposure, the layer can be etched to produce a patterned layer. 
The pattern corresponds to those features projected onto the wafer during 
exposure. This patterned layer is then used to remove or further process 
exposed portions of underlying structural layers within the wafer, such as 
conductive, semiconductive, or insulative layers. This process is then 
repeated, together with other steps, until the desired features have been formed 
on the surface, or in various layers, of the wafer. 

[0005] Step-and-scan technology works in conjunction with a projection 

optics system that has a narrow imaging slot. Rather than expose the entire 
wafer at one time, individual fields are scanned onto the wafer one at a time. 
Moving the wafer and reticle simultaneously such that the imaging slot is 
moved across the field during the scan does this. The wafer stage must then 
be asynchronously stepped between field exposures to allow multiple copies 
of the reticle pattern to be exposed over the wafer surface. In this manner, the 
quality of the image projected onto the wafer is maximized. 

[0006] Conventional lithographic systems and methods form images on a 

semiconductor wafer. The system typically has a lithographic chamber that is 
designed to contain an apparatus that performs the process of image formation 
on the semiconductor wafer. The chamber can be designed to have different 
grades of vacuum depending on the wavelength of light being used. A reticle 
is positioned inside the chamber. A beam of light is passed from an 
illumination source (located outside the system) through an optical system, 
through an image outline on the reticle, and a second optical system before 
interacting with a semiconductor wafer. 

[0007] The reticle can be placed on a platform or stage (hereinafter, both are 

referred to as "stage"). The stage can be positioned according to parameters of 

SKGF: 1857.1710001/ P-1575.010-US 



3 

the lithographic system. Similarly, the semiconductor wafer can be placed on 
a stage. The stage supporting either the reticle or the semiconductor wafer can 
be moved one or more directions and/or one or more degrees of freedom 
depending on how the image is to be formed on the semiconductor wafer. 

[0008] In order to increase throughput, dual wafer stage systems have been 

developed. Typically, these dual stages can hold and independently control the 
motion of two wafers at the same time. Throughput is increased by allowing 
exposure of an aligned wafer on one chuck, while at the same time the second 
chuck is used to unload the previously exposed wafer, and then load and align 
the next unexposed wafer. Without the dual wafer stage these operations 
would have to be done sequentially. 

[0009] In order to increase resolution, depth of focus, and process latitude the 

use of phase reticles has been introduced. Phase reticles often require the 
exposure of not only the phase reticle, but the additional aligned exposure of a 
second trimming reticle to achieve the desired result. Thus each field must be 
exposed twice first with the phase reticle, and then again with the trim reticle, 
usually under different conditions of illumination. 

[0010] The most common method of executing this double exposure sequence 

is to load the phase reticle (referred to as "A"), expose an entire wafer, load 
the trim reticle (referred to as "B"), and then re-expose the wafer. The wafer is 
then removed from the wafer stage, and the next wafer is loaded. Repeating 
this process on a number of wafers results in an "AB AB AB" sequence of 
exposures where both reticle A and reticle B are exposed on each wafer. Each 
blank space in the sequence represents the unloading of an exposed wafer and 
the loading and alignment of the next unexposed wafer. 

[0011] Usually the order of exposure is not critical, so that an "AB BA AB 

BA" exposure sequence can be used resulting in only one reticle swap for each 
wafer exposed rather than two for "AB AB AB." The number of reticle 
exchanges can be reduced by sequencing multiple wafers through system, and 
then swapping reticles, but then each wafer must be handled twice, and the 
increased time delay between double exposures can cause process problems. 
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[0012] A second reason for exposing two or more reticles on a wafer is to 

manufacture different devices or a combination of product and test devices on 
each wafer. In this case, no double exposures of the same wafer area are 
needed. 

[0013] In some cases, the device being manufactured is small enough so that it 

is possible to fit both the pattern from A and the pattern from B side by side on 
one reticle, but this is not generally practical. Also the use of a reticle stage 
that can carry and expose two reticles is possible, but in general rejected to 
avoid the reduced performance, and added cost that use of such a design may 
impose. 

[0014] Therefore, there is a need for a system and method that increases 

throughput in a dual substrate stage, double exposure lithography system. 

BRIEF SUMMARY OF THE INVENTION 

[0015] Embodiments of the present invention provide a method used in a 

multiple stage, multiple exposure lithography system. The method includes 
the following steps. Processing a first pair of wafers. Exchanging the first 
pair of wafers to pattern each sequentially using a first reticle. Exchanging the 
first reticle for a second reticle. Exchanging the first pair of wafers to pattern 
each sequentially using the second reticle. Exchanging the first pair of wafers 
for a second pair of wafers. Processing the second pair of wafers. Exchanging 
the second pair of wafers to pattern each sequentially using the second reticle. 
Exchanging the first and second reticles. Exchanging the second pair of 
wafers to pattern each sequentially using the first reticle. 

[0016] Other embodiments of the present invention provide a multiple stage, 

multiple exposure lithography system having the following: a device for 
processing wafers, a device for exchanging wafers, a device for exchanging 
reticles, a device for patterning wafers, and a device for controlling the 
processing, exchanging, and patterning. The device for processing wafers 
processes a first pair of wafers. The device for exchanging wafers exchanges 
the first pair of wafers using pattern each sequentially using a first reticle. The 
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device for exchanging reticles exchanges the first reticle for a second reticle. 
The device for exchanging wafers exchanges the first pair of wafers using 
pattern each sequentially using the second reticle. The device for exchanging 
wafer exchanges the first pair of wafers for a second pair of wafers. The 
device for processing wafers processes the second pair of wafers. The device 
for exchanging wafers exchanges the second pair of wafers using pattern each 
sequentially using the second reticle. The device for exchanging reticles 
exchanges the first and second reticles. The device for exchanging wafers 
exchanges the second pair of wafers using pattern each sequentially using the 
first reticle. 

[0017] Further embodiments, features, and advantages of the present 

inventions, as well as the structure and operation of the various embodiments 
of the present invention, are described in detail below with reference to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0018] The accompanying drawings, which are incorporated herein and form 

part of the specification, illustrate the present invention and, together with the 
description, further serve to explain the principles of the invention and to 
enable a person skilled in the relevant art(s) to make and use the invention. 

[0019] FIG. 1 is a block diagram of a lithography system according to the 

embodiments of the present invention. 

[0020] FIG. 2 shows a section of the lithographic system in FIG. 1 according 

to embodiments of the present invention. 

[0021] FIG. 3 shows steps for processing wafers according to embodiments of 

the present invention. 

[0022] FIG. 4 shows steps for processing wafers according to embodiments of 

the present invention. 

[0023] The present invention is described with reference to the accompanying 

drawings. In the drawings, like reference numbers can indicate identical or 
functionally similar elements. Additionally, the leftmost digit of a reference 
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number usually identifies the drawing in which the reference number first 
appears. 

DETAILED DESCRIPTION OF THE INVENTION 

Overview 

[0024] While specific configurations and arrangements are discussed, it 

should be understood that this is done for illustrative purposes only. A person 
skilled in the pertinent art will recognize that other configurations and 
arrangements can be used without departing from the spirit and scope of the 
present invention. It will be apparent to a person skilled in the pertinent art 
that this invention can also be employed in a variety of other applications. 

[0025] Embodiments of the present invention allow for a substantial increase 

in throughput for a lithography system that utilizes a dual substrate stage and 
is used to expose two or more reticles on each wafer processed.. This is 
accomplished by reducing the number of reticle exchanges required to expose 
the same amount of substrates. 

[0026] As discussed above, conventional systems have only been designed to 

allow for AB AB AB or AB BA AB exposure sequences. 

[0027] In the system and methods described in more detail below, either an 

AA BB AA BB or an AA BB BB AA exposure sequence can occur. Thus, up 
two times as many substrates are exposed with substantially a same number of 
reticle swaps, which reduces reticle exchange time and increases throughput. 
This increased throughput can be based on information or data stored in a 
controller. The controller is designed to sequence the dual substrate stage 
through a processing and exposure system correlated to sequencing between 
reticles into and out of the exposure system. 

[0028] The AA BB AA BB mode of operation differs from the AA BB BB 

AA sequence in that after every pair of wafers is fully processed, the A and B 
reticles are swapped. This maintains the same order of exposure on each 
wafer. However, this may require that the reticle be swapped twice as often as 
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with the AA BB BB AA sequence, but it can still halve the number of reticle 
swaps relative to the equivalent AB AB AB prior art method. 
[0029] Throughout the specification, reticle and mask may be used 

interchangeably, which is not meant to be limiting. 

Overall System 

[0030] FIG. 1 shows a system 100 according to embodiments of the present 

invention. One example of system 100 can be a lithography system. Light 
emitted from an illumination system 102 (e.g., a light source, beam 
conditioning optics, illumination optics, and the like) is received by an 
exposure system 104 (e.g., reticle, reticle stage, projection optics, substrate 
stage, and the like). A controller 108 controls an operation of exposure system 
104 and a processing system 106, as will be described in more detail below. 
Optionally, controller 102 can also control the illumination system to perform 
various functions (e.g., calibration), as is known in the art. 

[0031] FIG. 2 shows a section 201 of system 100 according to embodiments 

of the present invention. Section 201 includes processing system 106 and 
exposure system 104. Dashed lines are used to show a possible phantom or 
real separation between a substrate environment 208 (discussed below), 
processing system 106, exposure system 104, and reticle environment 212 
(discussed below). 

[0032] Processing system 106 includes a stage 204, which is a first section of 

a dual substrate stage that holds substrates 200 (e.g., wafers, printed circuit 
boards, liquid crystal displays, flat panel displays, or the like). Processing 
system 106 can perform any processing of substrates 200 (e.g., measuring, 
aligning, etc.) known in the lithography arts. Substrates 200 are transported to 
processing system 106 via robot handlers (not shown), as is known in the art. 
In some embodiments, substrates 200-1 to 200-n can be transported through 
load locks (not shown) that couple a substrate environment 208 with an 
environment of processing system 106. For example, in EUV lithography, 
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processing system 106 can have a vacuum environment, while the substrate 
environment may not be vacuum. 

[0033] Exposure system 104 includes a stage 206, which is a second section 

of the dual substrate stage, and a reticle stage 210. Exposure system 104 can 
be coupled to a reticle environment 212 that holds one or more reticles 202-1 
to 202-n. Reticles 202 can be transported back and forth from reticle 
environment 212 via robot handlers (not shown), or the like, as is known in the 
art. In some embodiments, reticles 202 can be transported through load locks 
(not shown) that couple reticle environment 212 with an environment of 
exposure system 104. For example, in EUV lithography exposure system 104 
can have a vacuum environment. 

[0034] In another embodiment, a plurality of reticles 202 can be supported by 

stage 210 at a same time, as is known in the relevant arts. For example, first 
and second reticles 202, as shown by dashed lines 250, can be coupled to stage 
210. Stage 210 can move so the first and second reticles 202 are sequentially 
positioned to pattern the light from the illumination source during various 
exposure periods, as is described in more detail below. Thus, there may be no 
need for the reticle environment 212 depending on how many reticles 202 are 
being used for patterning substrates 200. An example of this type of system 
can be found in U.S. Ser. No. 09/785,777 to McCullough et al., which is 
incorporated by reference herein in its entirety. 

[0035] During exposure, a light beam A from illumination system 102 can be 

patterned to form patterned beam B by reticle 202 either by reflection, as 
shown, or by transmission, as is known in the art. The patterned light beam B 
is used to write patterns of reticle 202 onto substrate 200. 

Method of Operation for AA BB AA BB Sequence 

[0036] FIG. 3 shows a process 300 for writing patterns of reticles 200 onto 

substrates 202, according to embodiments of the present invention. In the 
figure, first substrate 200-1 is shown as Wafer 1 and first reticle 202-1 is 
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shown as Reticle 1, second substrate 200-2 is shown as Wafer 2 and second 
reticle 202-2 is shown as Reticle 2, and so on. 

[0037] Process 300 is shown from left to right across the page. Controller 108 

controls loading of reticles 202 onto stage 210, substrates 200 onto stages 204 
and 206, and movement of stages 204 and 206. During each exposure period, 
one reticle 202 is used to expose a set of substrates 200. The various actions 
shown in the boxes can occur before, partially at a same time, or totally at a 
same time as other actions, as will be described in more detail below. 

[0038] In an embodiment, stages 204 and 206 are moved between processing 

system 106 and exposure system 104 with substrates 200 securely coupled 
thereto. 

[0039] During a first exposure period (EP1) the following steps can occur. 

[0040] In step 302, a first substrate 200-1 is loaded onto stage 206 and 

processed. Also in step 302, a first reticle 202-1 is loaded onto stage 210. 
[0041] In step 304, a second substrate 200-2 is moved onto stage 204 and 

processed. Also, in step 306, stage 206 is transported into exposure system 

104, where substrate 200-1 is exposed with a pattern from first reticle 202-1. 
[0042] In step 308, stages 206 and 204 are exchanged between exposure 

system 104 and processing system 106. Thus, second substrate 200-2 is 

exposed with a pattern from first reticle 202-1, while first substrate 200-1 is 

optionally re-processed. 
[0043] During a second exposure period (EP2), the following steps can occur. 

[0044] In step 308, first reticle 202-1 is removed from stage 210 and second 

reticle 202-2 is loaded onto stage 210. Also, in step 310, stages 204 and 206 

are exchanged between exposure system 104 and processing system 106. 

Further, in step 310, second substrate 200-2 is optionally re-processed. 
[0045] In step 310, first substrate 200-1 is exposed with a pattern from second 

reticle 202-2. 

[0046] In step 312, stages 206 and 204 are exchanged between exposure 

system 104 and processing system 106. Also, in step 312, second substrate 
200-2 is exposed with a pattern from second reticle 202-2. Further, in step 
314, first substrate 200-1 is removed from processing system 106 and replaced 
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with third substrate 200-3. Third substrate 200-3 is transported onto stage 206 
and processed. 

[0047] During a third exposure period (EP3) the following steps can occur. 

[0048] In step 314, second reticle 202-2 is removed from stage 210 and first 

reticle 202-1 is loaded onto stage 210. Also in step 314, stages 204 and 206 
are exchanged between exposure system 104 and processing system 106. 
Also, in step 314, second substrate 200-2 is removed from processing system, 
106 and replaced with a fourth substrate 200-4 onto stage 204. 

[0049] In step 316, third substrate 200-3 can be exposed with a pattern from 

first reticle 202-1. 

[0050] In step 318, stages 206 and 204 are exchanged between exposure 

system 104 and processing system 106. Also, in step 318, fourth wafer 200-4 
is exposed with a pattern from first reticle 202-1, while third wafer 200-3 is 
optionally reprocessed. 

[0051] During a fourth exposure period (EP4) the following steps can be 

performed. 

[0052] In step 320, first reticle 202-1 is exchanged with second reticle 202-2 

on stage 210. Also, in step 320, stages 204 and 206 can be exchanged 
between exposing system 104 and processing system 106. Further, in step 
320, fourth substrate 200-4 on stage 204 can be optionally reprocessed. 

[0053] In step 322, third substrate 200-3 can be exposed with a pattern from 

second reticle 202-2. 

[0054] In step 324, stages 206 and 204 can be exchanged between exposure 

system 104 and processing system 106. Also, in step 324, fourth substrate 
200-4 is exposed with a pattern from second reticle 202-2. 

[0055] Optionally, in step 324, third substrate 200-3 can be removed from 

processing system 106 and replaced with a fifth substrate 200-5, and the 
above-described process can continue with fifth and sixth substrates, etc. 
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Overall System and Method of Operation for AA BB BB AA Sequence 

[0056] FIG. 4 shows a process for writing patterns of reticles 200 onto 

substrates 202, according to embodiments of the present invention. In the 
figure, first substrate 200-1 is shown as Wl and first reticle 202-1 is shown as 
Reticle A, second substrate 200-2 is shown as W2 and second reticle 202-2 is 
shown as Reticle B, and so on. 

[0057] Process 400 is shown from left to right across the page. Controller 108 

controls loading of reticles 202 onto stage 210, substrates 200 onto stages 204 
and 206, and movement of stages 204 and 206. During each exposure period, 
one reticle 202 is used to expose a set of substrates 200. The various actions 
shown in the boxes can occur before, partially at a same time, or totally at a 
same time as other actions, as will be described in more detail below. 

[0058] In an embodiment, stages 204 and 206 are moved between processing 

system 106 and exposure system 104 with substrates 200 securely coupled 
thereto. 

[0059] During a first exposure period (EP1) the following steps can occur. 

[0060] In step 402, a first substrate 200-1 is loaded onto stage 206 and 

processed. Also in step 402, a first reticle 202-1 is loaded onto stage 210. 

[0061] In step 404, stage 206 is transported into exposure system 104, where 

substrate 200-1 is exposed with a pattern from first reticle 202-1. Also, in step 
404, a second substrate 200-2 is moved onto stage 204 and processed. 

[0062] In step 406, stages 206 and 204 are exchanged between exposure 

system 104 and processing system 106. Second substrate 200-2 is exposed 
with a pattern from first reticle 202-1, while first substrate 200-1 is optionally 
re-processed. 

[0063] During a second exposure period (EP2), the following steps can occur. 

[0064] In step 408, first reticle 202-1 is removed from stage 210 and second 

reticle 202-2 is loaded onto stage 210. Also, in step 408, stages 204 and 206 
are exchanged between exposure system 104 and processing system 106. 
Second substrate 200-2 is optionally re-processed. 
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[0065] In step 410, first substrate 200-1 is exposed with a pattern from second 

reticle 202-2. 

[0066] In step 412, stages 206 and 204 are exchanged between exposure 

system 104 and processing system 106. Also, in step 412, second substrate 
200-2 is exposed with a pattern from second reticle 202-2. Further, in step 
412, second substrate 200-2 is removed from processing system 106 and 
replaced with third substrate 200-3. Third substrate 200-3 is transported onto 
stage 204 and processed. 

[0067] In step 414, stages 206 and 204 are exchanged between exposure 

system 104 and processing system 106. Also, in step 414, third substrate 200- 
3 can be exposed with a pattern from second reticle 202-2. Further, in step 
412, first substrate 200-1 is removed from processing system 106 and replaced 
with a fourth substrate 200-4. Fourth substrate 200-4 is transported to stage 
206 and processed. 

[0068] In step 416, stages 204 and 206 are exchanged between exposure 

system 104 and processing system 106. Also, in step 416, fourth substrate 
200-4 can be exposed with a pattern from second reticle 202-2. Further, in 
step 418, third substrate 200-3 can be optionally reprocessed. 

[0069] During a third exposure period (EP3) the following steps can be 

performed. 

[0070] In step 418, first reticle 202-1 is exchanged with second reticle 202-2 

on stage 210. Also, stages 206 and 204 are exchanged between exposure 
system 104 and processing system 106. Optionally, fourth substrate 200-4 
can be reprocessed. 

[0071] In step 420, third substrate 200-3 can be exposed with a pattern from 

first reticle 202-1. 

[0072] In step 422, stages 204 and 206 can be exchanged between exposure 

system 104 and processing system 106. Also, in step 422, fourth substrate 
200-3 can be exposed with a pattern from first reticle 202-1. 

[0073] Optionally, in step 422, third substrate 200-3 is removed from 

processing system 106 and replaced with a fifth substrate 200-5. If necessary, 
more substrates 200 can be added in pairs (1-2, 3-4, 5-6, etc.) to be processed 
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in the manner described above, which is contemplated within the scope of the 
present invention. Also, more reticle pairs can also be used, depending on the 
process required. 

[0074] While the above embodiments are directed to double expose phase 

reticle lithography, it is to be appreciated in the future it can also be applied to 
any lithographic process that requires two or more reticles to be aligned and 
sequentially exposed on a substrate surface. In the case where more then two 
exposures are required, the throughput gain may be limited by the fact that the 
wafer stage can hold only two wafers simultaneously. 

Conclusion 

[0075] Example embodiments of the methods, circuits, and components of the 

present invention have been described herein. As noted elsewhere, these 
example embodiments have been described for illustrative purposes only, and 
are not limiting. Other embodiments are possible and are covered by the 
invention. Such embodiments will be apparent to persons skilled in the 
relevant art(s) based on the teachings contained herein. Thus, the breadth and 
scope of the present invention should not be limited by any of the above- 
described exemplary embodiments, but should be defined only in accordance 
with the following claims and their equivalents. 
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